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Katie Myrick: Access to Obstetric Care and Perinatal Outcomes in the Rural United 
States: A Systematic Review 
(Under the direction of Cynthia Feltner) 
Background: Women and infants who live in rural areas of the US experience higher 
rates of morbidity and mortality compared to their peers living urban areas. Limited 
availability of maternity care in non-metropolitan regions may contribute to this disparity. 
The present systematic review examined the relationship between access to care and 
maternal and infant outcomes in rural parts of the United States.  
Methods: A thorough search of PUBMED was conducted to identify articles addressing 
the association between access to obstetric care and outcomes in rural areas of the US. 
Study selection, data extraction, risk of bias assessment, and quality assessment were 
performed by a single reviewer.  
Results: Fourteen observational studies met inclusion criteria. Eleven of the studies 
reported an adverse relationship between poor access to care and perinatal outcomes 
in rural areas. Two studies reported no significant association. One study reported that 
a decline in locally available services was associated with better outcomes. Studies 
used heterogeneous measures for access to care and category of rural residence, and 
many studies had methodological limitations, such as inadequately addressing known 
confounders. As a result, conclusions about the true effects of access to care on 
outcomes were limited.  
Conclusion: The evidence from this review suggests that shortages or declines in 
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obstetric care in the rural US are associated with poorer outcomes. While one article 
addressed this trend on the national level, further studies of such magnitude are needed 
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1 | BACKGROUND 
 In the last three decades, pregnancy-related mortality in the United States has 
been increasing. According to Centers for Disease Control and Prevention (CDC) 
estimates, the rate of pregnancy-related death was 17.2 deaths per 100,000 live births 
in 2015. This rate is considerably higher than the figures of 15.2 and 11.3 per 100,000 
live births in 2005 and 1995, respectively (Centers for Disease Control and Prevention, 
2019). From 2000 to 2014, the United States experienced a 26 percent increase in 
maternal mortality rate1 (ACOG, 2019). In 2014, the US’s rate of maternal mortality was 
higher than those of Saudi Arabia, Kazakhstan, Bosnia and Herzegovina, Libya, and 
many other developing countries (U.S. Central Intelligence Agency, 2019). While infant 
mortality in the US has tended to decrease over time, the current rate of infant death 
remains more than 70 percent higher than the average rate for comparable countries 
(Gonzales & Sawyer, 2017; Mathews & Driscoll, 2017; Mathews & MacDorman, 2007).  
In an effort to identify the sources of infant and maternal mortality and morbidity in 
the US, research has increasingly focused on disparities in the field of maternal and 
child health. One such disparity exists between rural and urban populations. Between 
2013 and 2015, infants in rural counties in the US died at a higher rate than those in 
small-to-medium urban counties and large urban counties (6.69 per 1000 live births 
versus 6.29 per 1000 and 5.49 per 1000 respectively). Neonatal2 and postneonatal3 
																																																								
1“The annual number of female deaths per 100,000 live births from any cause related to 
or aggravated by pregnancy or its management (excluding accidental or incidental 
causes)” (U.S. Central Intelligence Agency, 2019) 
 
2 Number of deaths of infants <28 days of age per 1,000 live births 
 
3 Number of deaths of infants age 28 days – 11 months per 1,000 live births	
	 2 
mortality rates followed a similar trend (Danielle M. Ely & Donna L. Hoyert, 2018). An 
analysis of 2015 CDC data showed that women in rural parts of the US also experience 
greater rates of maternal mortality than their counterparts living in more urban areas 
(Maron, 2017). Rural women and infants experience disparities in morbidity, too. In a 
nationwide study for the Healthcare Cost and Utilization Project, rural women were 
more likely than urban women to be hospitalized for preeclampsia in both 2005 and 
2014 (Fingar et al., 2017). According to CDC National Vital Statistics data from 2009 
and 2014, rural infants were more likely to die from birth defects and to be born preterm 
or with low birth weight than urban infants (Health Resources and Services 
Administration, 2013, 2015). Based on these figures, women and infants in rural areas 
of the US appear to be at higher risk of adverse maternal and perinatal outcomes.  
As health inequity persists for rural women and infants, the number of hospitals that 
offer obstetric services in rural areas of the US has been dwindling. News media 
sources including The New York Times, The Washington Post, Scientific American, 
Kaiser Health News, The Huffington Post, and ProPublica have reported on this trend, 
and their reports have been corroborated published research (Andrews, 2016; Frakt, 
2018; Gallardo & Martin, 2017; Kozhimannil & Frakt, 2017; Maron, 2017; Pearson & 
Taylor, 2017). Recent evidence shows that nine percent of rural American counties lost 
hospital-based obstetrics services between 2004 and 2014 (Hung, Henning-Smith, 
Casey, & Kozhimannil, 2017). Rural obstetrics unit closures reduce the already limited 
availability of obstetrics services in rural counties. In 2016, only 26.3 percent of rural 
counties in the US had a hospital offering obstetrics services (March of Dimes, 2018). A 
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study from the same year showed that, as rurality increased, county-level per capita 
supply of health care providers decreased (Fields, Bigbee, & Bell, 2016).  
Research suggests that rural women and their infants have less access to maternity 
care and that the gap in access among rural versus urban settings is growing. At the 
same time, a separate body of research indicates higher rates of morbidity and mortality 
among women in rural settings compared to their urban-dwelling counterparts. Many 
factors may contribute to higher rates of poor health outcomes among women and 
infants who live in rural settings. These include, for example, lower socioeconomic 
status, higher rates of tobacco use, and higher rates of obesity in rural versus urban 
areas of the US. The purpose of this systematic review is to synthesize published 
research directly comparing the association between access to obstetric care in rural 
settings and maternal and infant outcomes.  
 
2 | METHODS 
 A systematic review was conducted in order to identify studies that assessed the 
association between access to care and maternal and infant outcomes in rural parts of 
the United States.  
2.1 Search strategy 
 A search was conducted in PUBMED to identify peer-reviewed studies published 
in English between January 1, 1990 and June of 2019. Search terms included Medical 
Subject Headings and key words associated with “obstetrics,” “outcomes,” and “rural”. 
The full search strategy can be found in Figure 1. References of included studies were 
searched for potentially eligible studies not found in the PUBMED search.  
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2.2 Inclusion and exclusion criteria 
 Inclusion and exclusion criteria were established a priori. A panel of professionals 
and researchers from the fields of family medicine, maternal and child health, internal 
medicine, and public health was consulted to assess for appropriateness. Eligibility 
criteria are outlined in Table 1. Due to large variability in health care systems across 
different country settings, only studies conducted in the US were included to increase 
applicability of results to US populations. Eligible studies had to include clear measures 
of rural vs. urban (or metropolitan vs. non-metropolitan) residence and a measure of 
access to care associated with the residence because the study question was intended 
to assess the effect of both exposures on outcomes. Outcomes were broadly defined in 
order to be inclusive of all potentially relevant studies, and, in general, included any 
measurable medical outcome related to maternal or infant health. A full list of included 
outcomes is provided in Table 2. Only primary observational studies (i.e. not systematic 
reviews) were included. Studies with a sample size of fewer than 50 individuals were 
excluded since some adverse outcomes are rare. Trials were not included and are not 
relevant to this question given ethical considerations associated with assigning women 
to less access to care. No exclusions were made based on study quality.  
2.3 Study selection 
 A single reviewer screened all titles and abstracts from searches, as well as full 
text articles potentially of relevant abstracts using Covidence systematic review 
software. For studies that were excluded at the level of full text review, the justification 
for exclusion was recorded. Decisions about eligibility were made using criteria shown 
in Table 1, and discussed above. 
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2.4 Data extraction 
 Data was extracted from included studies using a structured form provided in 
Appendix A that included information on the study design, setting, source population, 
number of participants, data sources, determination of rural or non-metropolitan 
exposure, determination of access to obstetrics services exposure, definition of 
outcome(s), statistical methods, participant characteristics, results, and analysis. 
2.5 Assessment of Methodological Quality 
The National Institutes of Health Quality Assessment Tool for Observational Cohort 
and Cross-Sectional Studies was used to systematically assess for methodological 
quality in cross-sectional studies. Assessment of cohort study quality was similarly 
completed using the Newcastle Ottawa Scale (NOS) for cohort studies (National 
Institutes of Health, 2019; Ottawa Hospital Research Institute, 2019). The tools are 
provided in Appendix B. The NOS requires the reviewer to determine the most 
important potential confounder and other important potential confounders for the study 
question. Based on a cursory review of the literature, the reviewer considered the most 
important covariate for adjustment to be maternal education, as it had been shown in 
multiple recent studies to be a strong correlate for maternal mortality, preterm birth, and 
low birth weight (Martinson & Reichman, 2016; Nelson, Moniz, & Davis, 2018; Ratnasiri 
et al., 2018). Other important covariates were socio-demographic characteristics 
including race, insurance status, income, age, and smoking status. Following 
assessment of study quality, an additional risk of bias assessment was completed for 
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each study using a structured form that prompted the reviewer to assess for sources of 
bias that could have been missed by the tool.  
 
3 | RESULTS 
 The search resulted in 5,207 unique studies that were screened for title and 
abstract; 52 marked as potentially relevant underwent full-text assessment. Of these, 14 
met eligibility criteria: 10 retrospective cohort studies, 1 prospective cohort study, and 3 







































Figure 2. PRISMA flow diagram (Moher, Liberati, Tetzlaff, Altman, & The PRISMA 




3.1 Characteristics of included studies 
 Reported total sample size ranged from 638 to 4,941,387 in eight studies. Six 
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studies did not report sample size but sampled county- or state-level data that included 
the cumulative totals of outcomes over a year (and were assumed to have a sample 
well over 50 women) (Allen & Kamradt, 1991; Hueston, 1995; Larimore & Davis, 1995; 
Nandi, Kramer, & Kottke, 2019; Powell, Skinner, Lavender, Avery, & Leeper, 2018; 
Sontheimer, Halverson, Bell, Ellis, & Bunting, 2008). With the exception of one study, 
which was a national study, all included studies were confined to a single state in the 
US. A full profile of characteristics for each of the included studies is provided in Table 
3.  
3.2 Exposure determinations 
 Non-metropolitan or rural designation was defined in various ways. Three studies 
defined a non-metropolitan county as one containing no city of greater than or equal to 
50,000 residents (Allen & Kamradt, 1991; Hueston, 1995; Larimore & Davis, 1995). 
Three studies used the US Department of Agriculture Rural-Urban Commuting Area 
Codes (Bailey, McCook, & Chaires, 2014; Hillemeier, Weisman, Chase, & Dyer, 2007; 
Kozhimannil, Hung, Henning-Smith, Casey, & Prasad, 2018; USDA ERS, 2019). Three 
studies defined a rural area as the primary service area for a rural hospital (as defined 
by the state or by the individual characteristics shown in Table 3) (Nesbitt, Connell, 
Hart, & Rosenblatt, 1990; Nesbitt, Larson, Rosenblatt, & Hart, 1997; Sontheimer et al., 
2008). Two studies used ZIP code- or county-level designations from US Census 
Bureau or US Office of Management and Budget (Nandi et al., 2019; Rock & Straub, 
1994). The remaining three studies stated that the study setting was rural because of 
the type of health institution there (e.g. critical access hospital, federal designated rural 
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community health center) but did not offer a more specific definition (Carcillo, Diegel, 
Bartman, Guyer, & Kramer, 1995; Hamlin, 2018; Powell et al., 2018).  
 Determinations of access to maternity care for the study populations were 
similarly variable. Four studies used a ratio of providers to births for the counties 
assessed. These studies determined an average annual number of births that any 
provider could feasibly attend. Counties where female residents delivered more than 
this number of babies per provider were determined to have inadequate provider supply 
(Allen & Kamradt, 1991; Hueston, 1995; Larimore & Davis, 1995; Nandi et al., 2019). 
Three studies determined access to care based on the presence or absence of an 
inpatient obstetric unit in the county. These studies were particularly interested in 
measuring outcomes before and after changes occurred in the county-level availability 
of hospital-based obstetrics services (Kozhimannil et al., 2018; Powell et al., 2018; 
Sontheimer et al., 2008). One study used the distance between maternal residence and 
delivery hospital as a determinant of access (Bailey et al., 2014). One study used a 
combination of the two previously described measures (Hamlin, 2018). Two studies 
used the proportion of female residents in a given county who delivered inside versus 
outside of the county to determine a category of outflow. Outflow category was then 
used as a proxy for access (Nesbitt et al., 1990, 1997). One study measured outcomes 
before and after the occurrence of changes in the total number of delivering providers in 
the county (Rock & Straub, 1994). Another study measured outcomes before and after 
two interventions: increasing the number of delivering providers and increasing access 
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to care through federal legislation4 (Carcillo et al., 1995). One study used the 
designation of primary care health professional shortage area5 as a proxy for 
inadequate access (Hillemeier et al., 2007).  
3.3 Study outcomes 
 Included studies measured multiple outcomes including rates of mortality (infant, 
neonatal, and postneonatal), early term elective induction6, low Apgar scores, cesarean 
section, preterm birth (PTB), low birth weight (LBW), very low birth weight (VLBW), 
NICU admission, teen birth, maternal complications, neonatal length of stay >5 days, 
non-normal neonates, and fetal death. Results for the outcomes of each study are 
presented in Table 4.  
3.3.1 Fetal death and infant, neonatal, and postneonatal mortality 
 Four of the six studies that reported on these outcomes found that lower access 
to maternity and obstetric care was associated with higher mortality rates. Two studies 
reported that lower county-level availability of physician obstetric providers was 
statistically significantly associated with higher infant mortality rate (p<0.02) (Allen & 
																																																								
4 42 U.S. Code § 1395dd. Examination and treatment for emergency medical conditions 
and women in labor: “In general, if any individual (whether or not eligible for benefits 
under this subchapter) comes to a hospital and the hospital determines that the 
individual has an emergency medical condition, the hospital must provide either— 
(A) within the staff and facilities available at the hospital, for such further medical 
examination and such treatment as may be required to stabilize the medical condition, 
or 
(B) for transfer of the individual to another medical facility in accordance with 
subsection” (Cornell Law School, 2019) 
 
5 A geographic domain that has a shortage of providers for the entire population within 
the area (Bureau of Health Workforce, 2019)  
 
6 Induction of labor between 37 weeks 0 days and 38 weeks 6 days for a non-medically 
indicated reason	
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Kamradt, 1991; Larimore & Davis, 1995). One study showed that white infant mortality 
decreased, first after increasing county-level obstetric and pediatric provider availability 
and then again after access was increased as a result of federal legislation5. Total and 
non-white infant mortality, neonatal mortality, and postneonatal mortality did not change 
significantly (Carcillo et al., 1995). A fourth study demonstrated that IMR decreased 
from 17.9 to 7.2 after the county in question, which had neither inpatient obstetrics nor 
prenatal care services at the start of the study period, gained hospital obstetrics and 
prenatal care. The IMR in the county increased back to 16 when hospital obstetrics 
services closed and only prenatal care remained available in the county (p=0.003) 
(Powell et al., 2018). One study found no significant differences in rates of neonatal 
death in rural counties of high versus low delivery outflow (Nesbitt et al., 1997). Finally, 
a single study concluded that counties that lost OB/GYNs between 1983 and 1988 
experienced a statistically significant (45 percent) decrease in neonatal death rate 
during that time (p<0.05). The same study was the only one that assessed fetal death, 
and it found no statistically significant relationship between loss or gain of OB/GYNs 
and rate of fetal death (Rock & Straub, 1994). 
3.3.2 Low birth weight, very low birth weight, and preterm birth 
Most studies found that lower access to obstetric care was associated with 
higher rates of PTB and LBW.  
Two studies showed that lower access to obstetric care was associated with 
higher rates of LBW infants (p<0.03) (Carcillo et al., 1995; Sontheimer et al., 2008). A 
third showed no significant differences in rates of LBW infants in areas of high versus 
low delivery outflow (Nesbitt et al., 1997). Hillemeier et al. observed that babies born to 
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mothers residing in ZIP codes associated with Primary Care Health Professional 
Shortage Areas had 1.55 the odds of being born with low birth weight and 0.83 the odds 
of being born preterm when compared to babies born to mothers residing in non-
shortage areas, but these results were not statistically significant. No studies observed 
statistically significant relationships between access and VLBW.  
 Two articles demonstrated significant associations between lower access to 
maternity care and higher rates of PTB (Carcillo et al., 1995; Kozhimannil et al., 2018). 
Women and infants living in high-outflow rural areas had higher rates of PTB (p<0.001) 
in Nesbitt et al., 1990. However, a later study by the same author found that mothers 
and infants in high-outflow areas were significantly less likely to experience PTB than 
their counterparts in low-outflow areas (P<0.04) (Nesbitt et al., 1997).  
 Hamlin reported that women who traveled greater than 30 miles for inpatient 
obstetric care had lower birth weight (P = .001) and lower gestational age infants (P = 
.001). 
3.3.3 NICU admission and neonatal length of stay >5 days 
 No statistically significant associations between access to obstetric care and 
NICU admission were observed in rural areas. Two studies reported that women living 
in counties with high rates of delivery outside of the county were more likely to give birth 
to neonates who stayed in the hospital for more than 5 days after delivery, but p values 
were not reported (Nesbitt et al., 1990, 1997).  
3.3.4 Low Apgar scores and non-normal neonate  
 One study found that counties experiencing discontinuation of hospital obstetrics 
services saw an increase in rates of low Apgar scores of 0.15 percentage points 
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annually after services were closed (Kozhimannil et al., 2018). A second study found 
that privately insured and Medicaid women in high-outflow areas were more likely to 
have non-normal neonates when compared to their counterparts in low-outflow areas 
[insured OR=1.30 (1.17,1.44); Medicaid OR=1.22 (1.05, 1.40)] (Nesbitt et al., 1997).  
3.3.5 Teen birth rates  
 Nandi et al. found that black and white women in rural counties with inadequate 
OB care had higher rates of teen birth when compared to both black and white women 
from rural areas with adequate care, and black and white women in urban areas with 
inadequate care (p NR).  
3.3.6 Maternal complications and cesarean section 
 One study reported a 1.7 percentage point increase in rates of cesarean delivery 
in non-urban adjacent rural counties in the year following loss of hospital obstetric 
services (Kozhimannil et al., 2018).  
3.3.7 Early term elective induction 
 The one study assessing rates of early term elective induction demonstrated that 
Increasing drive time to delivery hospital was significantly associated with elective 
delivery before 39 weeks’ gestation (P = 0.038) (Bailey et al., 2014). 
3.4 Study quality 
 Studies were rated as being of poor, fair, or good quality based on selection, 
comparability, and outcome. Most studies were of good quality. The studies that were of 
poor quality did not adjust for confounding. Scoring and final assessments of study 
quality for all studies are provided in Tables 5 and 6. Risk of bias was assessed as 
being low, medium, or high based on selection bias, information bias, and confounding 
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bias. The full assessment of bias for the included studies is provided in Table 7. The 
most common source of bias was confounding. All but one of the studies used publicly 
available population-level data for outcomes in the regions of interest. As a result, 
distortions in participation on the basis of exposure, missing data, and loss to follow-up 
were minimal. Therefore, selection bias for these studies was low. The one prospective 
cohort study used hospital data to follow outcomes and exposures. Loss to follow-up 
and missing data for this study were negligible and unlikely to introduce significant 
selection bias (Bailey et al., 2014). Three of the five studies rated as having a high risk 
of bias controlled for none of the relevant socio-demographic factors (Allen & Kamradt, 
1991; Hueston, 1995; Sontheimer et al., 2008). One study controlled for socio-
demographic factors, but did not control for significant sources of confounding 
introduced by the methods (Carcillo et al., 1995). The remaining study was rated as 
having high risk of bias because the methods for determining the exposure of access 
contributed high risk of non-differential misclassification bias (Rock & Straub, 1994). 
The studies assigned a low risk of bias used methods and analysis that adjusted for 
multiple potential confounders and introduced a low risk of misclassification bias (Bailey 
et al., 2014; Hillemeier et al., 2007; Kozhimannil et al., 2018).  
 
4 | DISCUSSION 
 This review found that there was consistent evidence from the majority of 
included studies to support an association between lower access to obstetric care in 
rural areas and poorer maternal and infant outcomes. These 11 studies showed that at 
least one of the outcomes of interest was significantly worse in rural settings with lower 
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or declining access to maternity care than in settings with greater provider or obstetric 
hospital availability. A single study, however, found that declines in access to care were 
statistically significantly associated with better outcomes (Rock & Straub, 1994). 
Another study found no association between access to care and low birth weight 
(Hueston, 1995). A third study demonstrated non-significant advantages and 
disadvantages for infants born to residents of areas with low provider supply (Hillemeier 
et al., 2007).  
 Despite the relatively large number of studies suggesting that access to maternity 
care in non-metropolitan settings is associated with health outcomes, the heterogeneity 
of outcome and exposure measures limit the ability to make firm conclusions about 
specific outcomes and the magnitude of effect. Meta-analysis was not appropriate due 
to heterogeneity in study designs, measures, and outcomes reported. In addition, 
studies often enrolled women from specific states, which limits the applicability of 
evidence to women across diverse rural settings in the US.  
 While many studies appropriately controlled for covariates, confounding bias was 
prominent in the included literature. Demographic and socioeconomic factors 
contributed significantly to this bias. However, the systems-level question explored in 
this review lends itself uniquely to additional confounding from higher-level sources (i.e. 
legislation or payment reform). As an example, Carcillo et al. (1995) evaluated the 
effects of increasing access to care through increasing the number of locally available 
providers and through new legislation. The former provided an opportunity to appreciate 
a clear relationship between provider expansion and outcomes, but the latter actually 
resulted in more maternal transfers out of the local community, confounding the results.  
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Many of the included studies used ratios of providers to deliveries to determine 
provider supply or adequacy. None of the studies, however, included nurse midwives in 
their provider counts. This raises concern for both confounding and non-differential 
misclassification bias. It is possible that nurse midwives were caring for significant 
numbers of women throughout the review period. As a result, provider adequacy may 
have been misrepresented for multiple studies. Other types of providers may also 
contribute to bias, particularly in the studies that used infant mortality rate (IMR) as the 
primary outcome. Because IMR is a measure of mortality for children under one year of 
age, pediatric care adequacy contributes significantly to the statistic.  
4.1 Limitations 
While this review contributes valuable information to the evidence base, it has 
some limitations. The broad range of geographic and temporal settings included in the 
review limits internal and external validity. Population health and health system design 
changes over time and across geographic and political domains. The interplay between 
access to care and outcomes may very well have changed since the 1990s, and it may 
be different in Georgia than in Oregon. The included studies assessed physician and 
hospital availability. However, many other services contribute to maternal and infant 
health. This study did not explore the effects that pediatric care, auxiliary health services 
(including maternity, postpartum, and newborn support services), and other childbirth 
providers may have had on outcomes during the study periods. 
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5 | CONCLUSIONS 
In the current health care environment where health disparities persist and health 
economics play an increasingly prominent role, this research is important. One of the 
paths to improving perinatal morbidity and mortality is through addressing health equity. 
There is a clear disparity in maternal and infant health between urban and rural 
communities in the US. According to this research, addressing the trend of shrinking 
maternity services in rural areas may be one way to improve the disparity.   
 To better assess the effect that decreasing obstetric care access in rural areas 
has on perinatal outcomes, more large-scale studies are warranted. Nationwide studies 
would strengthen the external validity of the evidence base. To increase the 
comprehensiveness and influence of future studies, investigators should consider 
expanding outcomes to items such as psychosocial stress, perinatal mood disorders, 
and financial consequences associated with reduced availability to obstetric care. 
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(childbirth*[tiab] OR ((labor[tiab] OR laboring[tiab] OR delivery[tiab]) AND 
(pregnan*[tiab] OR birth*[tiab])) OR birthing[tiab] OR obstetric*[tiab] OR 
parturient[tiab] OR intrapartum[tiab] OR midwife[tiab] OR midwives[tiab] OR birthing-
center[tiab] OR birth-center[tiab] OR birthing-centers[tiab] OR birth-centers[tiab] OR 
midwifery[mesh] OR obstetrics[mesh] OR maternal health services[mesh] OR 
Delivery, Obstetric[Mesh] OR "Obstetric Surgical Procedures"[Mesh] OR "Analgesia, 
Obstetrical"[Mesh] OR "Doulas"[Mesh] OR "Obstetrics and Gynecology Department, 
Hospital"[Mesh] OR "Hospitals, Maternity"[Mesh] OR "Birthing Centers"[Mesh] OR 
"Live Birth"[Mesh] OR "Parturition"[Mesh] OR "Delivery Rooms"[Mesh] OR 
"Midwifery"[Mesh] OR "Maternal-Child Health Centers"[Mesh] OR "Maternal-Child 
Health Services"[Mesh]) AND (rural[tiab] OR remote[tiab] OR travel*[tiab] OR 
distance*[tiab] OR rural health services[mesh] OR rural population[mesh] OR Rural 
Health[Mesh] OR Hospitals, Rural[Mesh] OR geography, medical[mesh]) AND 
(outcome[tiab] OR outcomes[tiab] OR success*[tiab] OR failure*[tiab] OR death*[tiab] 
OR mortality[tiab] OR sepsis[tiab] OR birthweight[tiab] OR birth-weight OR birth-injury 
OR birth-injuries OR "Pregnancy Outcome"[Mesh] OR "Outcome Assessment (Health 
Care)"[Mesh] OR "Treatment Outcome"[Mesh] OR Obstetric Labor 
Complications[Mesh] ) NOT (animals[mesh] NOT humans[mesh]) 





Table 1. Eligibility criteria 
Criteria Include Exclude 
Population(s) Mothers and their infants living in 
rural areas 




Non-metropolitan or rural 
residence 
Availability of local obstetric 
services 
Urban or metropolitan residence 
Other exposures that determine 
access to obstetric care, such as 





Comparisons between mothers 
who live in areas of less vs greater 
local availability of maternity care 
providers and hospital-based 
obstetric services  
All other comparisons 
Outcome(s) Maternal and infant outcomes  
 
All other outcomes 
Timing 
 
Studies published in 1990 and 
beyond 
Studies published before 1990 
Setting(s) 
 





Cohort and case-control studies; 
interrupted time series, cross-
sectional studies.  
Sample size of at least 50.  
All other study designs (RCTs, 
Case series, Editorials) 
Language 
 
Studies published in English Studies published in other 
languages 
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premature rupture of membranes 
preterm premature rupture of membranes 
cesarean section 
induction (elective, early term elective, full term 
elective) 
postpartum hemorrhage 










low birth weight 
very low birth weight 
small for gestational age 
large for gestational age 
NICU admission 
low Apgar score 
congenital infection 
infant respiratory distress syndrome 

























































counties with at 
least one city of ≥ 
50,000 residents 





number of births 
















care at 5 prenatal 




induction after 37 
weeks EGA during 






level RUCA Code3 
value of 4-9 
Drive time to 
delivery hospital 
based on distance 
between residence 
ZIP code centroid 
and hospital ZIP 
code  
Rate of early 
elective induction, 




























Women and infants 
associated with 
births occurring in 
St. Lucie County, 
Florida between 















The study area was 
the site of a federal 
designated rural 
community health 
center during the 
study period. 




and health care 
access during the 
study period: 1- 
pediatricians and 
obstetricians at the 
community health 
center increased 
from 1 and 3 to 4 
and 4, respectively, 
2- new federal 
legislation was 
enacted ensuring 
that transfers to 
tertiary care centers 
for labor were 
accepted regardless 
of ability to pay  
Local hospital 
outcomes: Rates 




gestational age at 
birth, LBW, very 




rates of receipt of 



















Women (mean age 
25, P<0.001) and 
infants associated 
with all live births 
occurring in the 
North Country of 
New Hampshire 





The study region is 
a rural area where 
all 7 hospitals are 
designated critical 
access hospitals4. 
Access changed for 
women in the North 
Country during the 
study period, as 3/7 
of the inpatient OB 
units closed 
between 2008 and 
2010. The distances 
between maternal 
residence ZIP codes 
and hospital ZIP 
codes were also 






gestational age at 
birth, and rates of 












Women and infants 
associated with all 
singleton births in a 








level RUCA Code3 




Code3 value of 1-3 
ZIP codes 
associated with 
primary care health 
professional 
shortage areas in 
the region  










Women and infants 
associated with all 
hospital births in 












counties with at 
least one city of ≥ 
50,000 residents 
Supply of OB 
providers per 100 
deliveries 
Rates of LBW and 
receipt of fewer 
















Women and infants 
associated with 
births with 






2004 and 2014 in 
US counties that 
had inpatient OB 








Urban adjacent: ZIP 
code-level RUCA 





level RUCA Code3 
value of 5, 7, or 9 
Rural counties’ 




AHA annual survey 
data 
Rates of out of 
hospital births, 
births in hospitals 
without OB 
services, PTB, 
fewer than 10 
prenatal visits, c-
section, and 











Infants born in the 
67 counties of 













counties with at 






to the number of 













the ages of 15 and 
19 in the 159 
counties of 
Georgia between 




Counties that had 
total population of 
<35,000 according 
to the 2000 US 
Census 
Adequate OB care 
defined as a ratio of 
OB providers: 
annual births of 
1:166 or greater.  
Teen birth rates 













Women and their 
infants whose 
primary residences 
were in the medical 
service catchment 
areas served by 





Rural area: the 
medical service 
catchment area 
served by a hospital 
of fewer 50 beds 
that was located 
>15 mi from a city 
of 30,000 or greater 
The rate OB 
delivery of outflow5 
for the area 







DM, and anemia), 
PTB, and 
neonatal length of 

























Rural area: the 
primary service 
area for a hospital 
designated by the 
Washington State 
Dept. of Health as a 
rural hospital 
The rate OB 
delivery of outflow5 
for the area 
Rates of non-
normal neonates, 
PTB, LBW and 
neonatal length of 






















































All counties were 
described as rural, 




variable states of 
OB service 
availability during 
the study:  
1986-1991 (period 
1): no OB services 
or prenatal care;  
1993-2002 (period 
2): full OB services 
including prenatal 
care and hospital 
OB services;  
2005-2013 (period 
3): partial OB 
services--prenatal 
care only.  
 
Coosa and Conecuh 
counties had no OB 
services throughout 
the study period. 
 
Clarke and Monroe 
counties had full OB 
services throughout.  
IMR, LBW, rate of 















White women living 
in non-metropolitan 
counties of Illinois 
who gave birth in 
1983 and 1988 and 










as such by US 
Bureau of the 





level numbers of 
FPs, GPs, and 
OB/GYNs 
Median number of 
prenatal care 
visits and rates of 























Women residing in 
the primary service 
areas of 7 rural 
Missouri hospitals 
that experienced 
closure of inpatient 
OB services 
between 1990 and 




Rural area: The 
primary service 
area associated 
with a hospital 
located in a town 
that has a 
population of ≤ 
10,000 and is >40 
mi from a 
metropolitan area.  
Experience of loss 
of inpatient OB 
services at the local 
hospital  
Numbers of live 
born infants, rates 
of VLBW, LBW, 
no prenatal care, 
inadequate 
prenatal care, and 
c-section  
Abbreviations: BW = birth weight; EGA = estimated gestational age; FP = family practitioner; GP = general 
practitioner; IMR = infant mortality rate; LBW = low birth weight; m = months; OB = obstetric; OB/GYN = obstetrician-
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gynecologist; OMB = US Office of Management and Budget; PTB = preterm birth; RUCA = rural urban commuting 
area; VLBW = very low birth weight 
Definitions:  
1INDEX=[(#FP + #GP)*50] + [#OB * 200], where FP refers to family practitioners, GP refers to general practitioners, 
and OB refers to obstetrician-gynecologists.  
2Infant mortality rate (IMR) defined as the number of deaths of children under one year of age per 1000 live born 
infants 
3 “The rural-urban commuting area (RUCA) codes classify US census tracts using measures of population density, 
urbanization, and daily commuting” (USDA ERS, 2019) 
4The Centers for Medicare and Medicaid Services (CMS) designates hospitals as Critical Access if they are located in 
an area determined by CMS to be rural, have 25 or fewer acute care beds, and are located at least 35 miles from the 
closest hospital (Rural Health Information Hub, 2019).  
5Low outflow: ³2/3 of women who reside in a given area deliver within the boundaries of that geographic area; high 
outflow: £1/3 of women who reside in ta given area deliver within the boundaries of that geographic area (Nesbitt et 























Lower physician availability was associated with 









Increasing drive time to delivery hospital was 
significantly associated with elective delivery 
before 39 weeks’ gestation (p = 0.038).  
Age, education in years, race, 
marital status, insurance type, 
smoking status, reproductive 
health history, BMI, presence of 
gestational diabetes, presence of 
gestational hypertension, 
preeclampsia, delivery type 
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Following two interventions to increase access to 
OB and pediatric care, significant decreases in 
rates of no prenatal care, LBW, VLBW, PTB, 
VPTB, intubated neonates, and ventilated 
neonates were observed at the community 
hospital in St. Lucie (P<0.03). Significant 
reductions in rates of LBW and no prenatal care 
were observed at the county level (p<0.05). No 
significant changes were observed for county 
level rates of VLBW. IMR among white infants 
decreased significantly over time, but neonatal 









There were no statistically significant changes in 
birth outcomes observed after closure of 
inpatient OB services. However, women who 
traveled greater than 30 miles for inpatient OB 
care had lower birth-weight infants (p = .001) 
and lower gestational age infants (p = .001). 
Method of delivery, adequacy of 






No statistically significant associations were 
observed between outcomes and access in rural 
areas. 





No statistically significant associations were 


















Non-urban adjacent rural counties that lost OB 
services saw a 0.40 percentage point increase in 
preterm birth in the year following services loss, 
followed by a 0.19 percentage point annual 
decrease in PTB. Non-urban adjacent rural 
counties saw a 1.7 percentage point increase in 
their rate of cesarean delivery in the year 
following loss of hospital OB services. Rates of 
low Apgar scores in non-urban adjacent rural 
counties increased after loss of services by 0.15 
percentage points annually. Changes in urban-
adjacent rural counties that lost services, while 
unfavorable for birth outcomes, were relatively 
less unfavorable than those for counties not 
adjacent to urban areas.  
County level means of maternal 
age, race/ethnicity, educational 
attainment, maternal clinical 
conditions, primiparity, state-level 





Lower physician availability was associated with 
higher infant mortality (r=-0.42; p=0.012) 









Black and white women in rural counties with 
inadequate OB care had higher rates of teen 
birth when compared to both black and white 
women from rural areas with adequate care, and 
black and white women in urban areas with 









Women and infants living in high-outflow rural 
areas had higher rates of complicated birth, 
PTB, and neonatal length of stay > 5 days than 
their counter parts in medium- and low-outflow 
categories (p<0.001 for PTB trend, other p 















There were no significant differences in rates 
neonatal death or low birth weight between 
deliveries in high- and low-outflow areas. 
Mothers and infants in high-outflow areas were 
significantly less likely to experience PTB than 
their counterparts in low-outflow areas (P<0.04). 
Privately insured women in high-outflow areas 
were more likely to have neonates with LOS > 
5d. Privately insured and Medicaid women in 
high-outflow areas were more likely to have non-
normal neonates when compared to their 
counterparts in low-outflow areas [insured 
OR=1.30 (1.17,1.44); Medicaid OR=1.22 (1.05, 
1.40)].  
Payment source, delivery method, 
race, maternal age (>35 or <18), 













IMR in Pickens county was highest when there 
were no OB services (17.9) and lowest when 
there were full OB services (7.2) (p=0.003). 
Though Pickens’s IMR was higher than the 
aggregate for Clarke and Monroe counties 
(which had full OB services) in periods with 
incomplete OB services, when full OB services 
became available for Pickens in period 2, its IMR 
dropped significantly below the aggregate for 
Clarke and Monroe (p<0.006). Rates of birth to 
women age 10-19 showed a similar and 
statistically significant trend over time and 
among counties.  
Counties with no OB services and 







Counties that lost OB/GYNs experienced a 
statistically significant decrease in neonatal 
death rate between 1983 and 1988 of 8.2 to 4.5 
(p<0.05). They also experienced no change in 









In all 7 communities, the rates of LBW infancy 
increased (an average of 18.2%) in the year 
after closure (p=0.02). No changes in the of total 
number of live births, the rate of VLBW, and c-
section were observed in the study population 
after closure of inpatient OB services. 
None 
Abbreviations: BW = birth weight; IMR = infant mortality rate; LBW = low birth weight; OB = obstetric; PTB = preterm 





Table 5. Scoring and assessment of study quality for cohort studies according to 

























































1 0 1 1 2 1 1 1 Good 
Powell, 
2018 
1 0 1 1 1 1 1 1 Good 
Carcillo, 
1995 
1 1 1 1 1 1 1 1 Good 
Hamlin, 
2018 
1 1 1 1 1 1 1 1 Good 
Hillemeier, 
2018 
1 1 1 1 2 1 1 1 Good 
Kozhimanni
l, 2018 
1 1 1 1 2 1 1 1 Good 
Nandi, 
2019 
1 1 1 1 1 1 1 1 Good 
Nesbitt, 
1990 
1 1 1 1 1 1 1 1 Good 
Nesbitt, 
1997 
1 1 1 1 1 1 1 1 Good 
Rock, 1994 1 1 1 1 1 1 1 1 Good 
Sontheimer
, 2008 




Table 6. Scoring and assessment of study quality for cross-sectional studies 
according to the NIH Assessment Tool for Observational Cohort and Cross-
Sectional Studies 
Question No. Allen, 1991 Hueston, 1995 Larimore, 1995 
1 1 1 1 
2 1 1 1 
3 n/a n/a n/a 
4 1 1 1 
5 0 0 0 
6 0 0 1 
7 0 0 1 
8 1 1 1 
9 1 1 1 
10 1 1 1 
11 1 1 1 
12 0 0 0 
13 n/a n/a n/a 
14 0 0 1 
 
Quality Poor Poor Fair 
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Table 7. Risk of bias of included studies 
























Low Low Low Low 





Low Low Low Low 
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Appendix A: Data extraction form 
 
Study author, year (n=__) _________________________________________________ 
Study type _____________________________________________________________ 
Rural exposure definition _________________________________________________ 
Access exposure definition ________________________________________________ 
Outcome(s) ____________________________________________________________ 
Setting ________________________________________________________________ 
Data source ___________________________________________________________ 
Participants ____________________________________________________________ 
Adjustment/efforts to control for confounding __________________________________ 
Statistical methods ______________________________________________________ 
Important participant characteristics_________________________________________ 
Results _______________________________________________________________  
	 35 
Appendix C: Critical appraisal tools 
  
Assessment of quality of a cohort study – Newcastle Ottawa Scale   
Selection  (tick one box in each section)  
1. Representativeness of the intervention cohort  
a) truly representative of the average, elderly, community-dwelling resident « 
b) somewhat representative of the average, elderly, community-dwelling resident « 
c) selected group of patients, e.g. only certain socio-economic groups/areas 







2. Selection of the non intervention cohort 
a) drawn from the same community as the intervention cohort   « 
b) drawn from a different source 




3. Ascertainment of intervention   
a) secure record (eg health care record)   « 
b) structured interview   « 
c) written self report 





4. Demonstration that outcome of interest was not present at start of study   
a) yes   « 
b) no    
o 
o 
Comparability  (tick one or both boxes, as appropriate)  
1. Comparability of cohorts on the basis of the design or analysis 
a) study controls for age, sex, marital status « 




Outcome  (tick one box in each section)  
1. Assessment of outcome 
a) independent blind assessment  « 
b) record linkage  « 
c) self report 





2. Was follow up long enough for outcomes to occur   
a) yes, if median duration of follow-up >= 6 month « 
b) no, if median duration of follow-up < 6 months 
o 
o 
3. Adequacy of follow up of cohorts   
a) complete follow up: all subjects accounted for  « 
b) subjects lost to follow up unlikely to introduce bias:  number lost <= 20%,  « 
or description of those lost suggesting no different from those followed 
c) follow up rate < 80% (select an adequate %) and no description of those lost 







Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars 
in outcome/exposure domain  
Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in 
outcome/exposure domain  
Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in 
outcome/exposure domain  
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NIH Quality Assessment Tool for Cross-Sectional Studies Yes No Other, 
N/A, NR 
1. Was the research question or objective in this paper clearly 
stated? 
   
2. Was the study population clearly specified and defined?    
3. Was the participation rate of eligible persons at least 50%?    
4. Were all the subjects selected or recruited from the same or 
similar populations (including the same time period)? Were 
inclusion and exclusion criteria for being in the study 
prespecified and applied uniformly to all participants? 
   
5. Was a sample size justification, power description, or 
variance and effect estimates provided? 
   
6. For the analyses in this paper, were the exposure(s) of 
interest measured prior to the outcome(s) being measured? 
   
7. Was the timeframe sufficient so that one could reasonably 
expect to see an association between exposure and outcome if 
it existed? 
   
8. For exposures that can vary in amount or level, did the study 
examine different levels of the exposure as related to the 
outcome (e.g., categories of exposure, or exposure measured 
as continuous variable)? 
   
9. Were the exposure measures (independent variables) 
clearly defined, valid, reliable, and implemented consistently 
across all study participants? 
   
10. Was the exposure(s) assessed more than once over time?    
11. Were the outcome measures (dependent variables) clearly 
defined, valid, reliable, and implemented consistently across all 
study participants? 
   
12. Were the outcome assessors blinded to the exposure 
status of participants? 
   
13. Was loss to follow-up after baseline 20% or less?    
14. Were key potential confounding variables measured and 
adjusted statistically for their impact on the relationship 
between exposure(s) and outcome(s)? 
   
 
 
